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Introduction

1
Motorized spindle unit, being the crucial component of precision machine tools, can realize 2 various machining types such as drilling, milling, grinding and so on. Generally, the motorized 3 spindle unit has a compact structure combining its built-in motor and high speed bearings. This 4 structure provides motorized spindle unit with not only high speed, precision, and rigidity, but 5 also some thermal disturbances on precision machining accuracy and accuracy stability [1] . As 6 illustrated in Fig. 1 , there are mainly the motor and bearing power losses in the energy 7 conversion of a motorized spindle unit operating in a constant temperature (20℃) workshop for 8 precision machining [2] . The former includes motor magnet loss, electric loss, mechanical loss 9 and some additional losses, and the latter is mainly attributed to the friction between bearing 10 parts. Generally, the overwhelming majorities of these power losses contribute to the spindle 11 internal heat generations, to cause the spindle thermal deformation errors for machining 12 accuracy degradation. To solve this problem, recirculation coolants are always applied onto the 13 spindle motor and bearings to realize dissipation management onto their heat generations 14 caused by power losses, and to reduce the harmful heat absorbed by spindle structure [3, 4] . This can give rise to the incompleteness and instability of the spindle structural heat dissipation. 7 All these insufficiencies can weaken the effectiveness of traditional cooling strategy for 8 reducing the spindle thermal errors [5, 6] . To overcome these disadvantages of traditional uniform and open-loop cooling strategy, a 12 differentiated multi-loops bath recirculation system was developed in our previous study [7] . On 13 this basis, being the preliminary attempt to differentiated and closed-loop dissipation strategy 14 for spindle internal heat generations, the constant supply cooling powers strategy was proposed. section of spindle continuous material is [9] :
In equation (2), S is the area perpendicular to the direction of heat flux (m 2 ); λ is the thermal 9 conductivity (W/(m•℃)).
10
Being the source for spindle thermal errors, thermal deformation of the spindle structure is 11 analyzed based on the thermal deformation ΔL of one dimensional rod with constraints: For the improvement of precision machining accuracy and accuracy stability, the least 10 thermal errors of operating motorized spindle unit can be realized consistently by the avoidance 7 of spindle structural thermal deformation. According to equation (4), the thermal deformation of 1 spindle structure can be theoretically equal to zero only if the spindle temperature meets:
It is assumed that motorized spindle unit has the structure-averaged temperature distribution 4 (=20℃ ambient temperature) at the initial state of spindle operation, which means:
Equations (5) - (6) can be substituted into Equations (1) - (2) to obtain heat power measures 7 for persistent realization of structure-averaged spindle temperature distribution, at any operating 8 moment τ:
10 Equation (7) clarifies the core principle of the power matching based dissipation strategy for 11 internal heat generations of operating motorized spindle unit, which will be developed and 12 introduced in Section 3. Generally, the spindle internal heat generations Φ gen in equation ( cooling powers strategy [7] for the motorized spindle unit. Generally, the spindle bearing heat is generated in bearing contact areas due to the frictions 1 between balls and inner and outer races [10, 11] . Then the heat power b Φ (W) modeling of both 2 spindle front bearings and back bearing (in Fig. 3 ) can be determined by the following method:
In equation (8), n (r/min) is spindle rotating velocity, friction torque M 0 (Nmm) brought by 5 bearing lubricant viscosity and friction torque M 1 (Nmm) caused by bearing applied force can 6 be calculated respectively as: 
In equations (9) between outlet and inlet of coolant channel. To be more advantageous than traditional cooling 4 strategy for motorized spindle unit, the constant supply cooling powers strategy [7] was 5 presented in our previous work. This strategy can realize constantly the expected dissipation 6 powers of spindle recirculation coolants. Its principle is based on the differentiated realizations In this paper, constant supply cooling powers strategy is modified to be associated with the onto spindle heat sources 1#-3# must be based on the equations (7), (15) 
